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 迄今为止，已经发展了很多切断醚 C-O 键的方法，其中最具有吸引力
的方法是酰基化切断 C-O 键的方法，因为这种方法可以产生一些很有用的
酯，还有就是各种各样的路易斯酸（比如 TiCl4 和 ZnCl2）和低化合价态的
金属络合物（比如 Mo(CO)6）均可用作此法的催化剂。本文研究发现，三
氯氧磷不但可以使四氢呋喃开环寡聚，还可以使 THF 开环并与羧酸反应生
成 4-氯丁基酯。从实际应用来考虑，THF/POCl3 摩尔比为 2，反应 13 小时


























N 端发生断裂，失去一系列的氨基酸残基；从 C 端发生断裂，先失去 4-氯
丁基醇，然后再失去氨基酸残基。 
 本论文研究了三氯氧磷作用下氨基酸成肽及四氢呋喃开环并与其成酯
的反应机理。充分利用 ESI-MS、31P-NMR 以及 13C-NMR 等技术手段，跟
踪了反应进程，提出了氨基酸成肽和四氢呋喃开环成酯的反应机理。对 DL-
丙氨酸、L-丙氨酸及 D-丙氨酸与 POCl3 反应产生的二肽-4-氯丁基酯进行手




 本论文研究发现，通过简单地加热回流，THF 在 POCl3 的作用下可以
顺利地发生开环寡聚反应。并充分利用 ESI-MS 新技术跟踪反应进程，直
观地观察到中间产物的变化，并用高分辨质谱分析中间产物的组成。依据
ESI-MS 跟踪图所显示的中间产物之间的相互关系，提出了由 THF 的氧原
子亲核进攻 POCl3 的磷原子产生一个活泼的中间体氧鎓离子的反应机理，
并合理地阐明了中间产物与最终产物的转化关系。利用 ESI 多级串联质谱





















依赖于反应底物的不同摩尔比。当 THF 与 POCl3 摩尔比较小时，产物的产






 总之，本论文充分利用了 ESI-MS 现代的分析技术，用于研究氨基酸与
POCl3 在 THF 中的复杂反应体系，反应一开始先形成寡肽库，随着反应时
间的增加，THF 参与反应，与肽库生成相应的肽酯库；THF 本身与 POCl3
作用，也会发生开环寡聚反应，产生含双 4-氯丁基的醚；结合质谱跟踪、
31P 谱跟踪及 13C 谱跟踪，提出了反应机理及氨基酸消旋化机理。因此，从





















 In nature, there are various species of proteins and active polypeptides 
possessing different biological functions. All kinds of proteins and polypeptides 
are built by amino acids residues through peptide bond. The synthesis of 
polypeptide started by Fisher from the beginning of 20th century and had 
reached its peak at fifties as many classical methods developed. For decades, a 
number of physiological active polypeptides were discovered in pituitary, 
hypothalamic, enteron, all kinds of glands and neural and circulation system. 
However, these natural proteins were only present in low quantity in nature. 
Therefore, developing new methods for peptides synthesis is very important. 
 There are two general methods for the formation of peptide bond, i.e. 
amino activation or carboxylic group activation. So far, the latter one was used 
more often. Among them, the mixed anhydride, activated ester and DCC 
coupling reagent were the most familiar methods. At presence, liquid phase 
synthesis, solid phase synthesis and enzymatic synthesis are used to synthesize 
peptides.  
Organophosphorus compounds have been used as coupling regents to 
synthesize bioactive peptides and some of them were excellent. In our previous 
work, it was discovered that polypeptides were formed by self-assembly of 
N,O-bis(trimethylsilyl) amino acids with the assistance of O,O-phenylene 
phosphoryl chloride. 
 Up to now, a lot of methods have been developed for the cleavage of the 
C-O bond of ethers. Among them, acylation cleavage of ethers is an attractive 
one, since it affords useful esters and can be catalyzed by Lewis acids such as 
TiCl4 and ZnCl2 as well as low-valent metal complexes such as Mo(CO)6. 
















initiated the ring opening of THF but also reacted with carboxylic acids to form 
4-chlorobutyl ester. However, for the purpose of industrial application, the ratio 
of THF to POCl3 should be controlled. For example, bis(4-chlorobutyl) ether 
was obtained 55% when THF/POCl3 equaled two. 
 Also in our previous work, it was discovered that POCl3 could be applied 
for the construction of peptide libraries in 1,4-dioxane. In this thesis, amino 
acids were mixed with POCl3 in THF instead and was refluxed. It was found 
that peptides could be formed first and then consequently reacted with the THF 
ring opening product to produce the library of peptide 4-chlorobutyl esters. 
ESI-MS/MS was used to trace the reaction and confirm the structures of the 
products peptide esters library. The experiments of multistage tandem mass 
spectrometry (ESI/MS/MS) of the products peptide 4-chlorobutyl esters showed 
that they all followed the same mass spectrometry fragmentation pathways, 
which indicates that they are the same series of compounds. 
 In order to elucidate the mechanism of the formation of peptide library and 
their correspondent esters from THF by POCl3, ESI-MS, 31P-NMR and 
13C-NMR techniques were applied to trace the reaction. Furthermore, dipeptide 
4-chlorobutyl esters from the reaction of DL- Ala, L-Ala and D-Ala with POCl3 
were analyzed by HPLC with chiral column. It was found that, under this 
reaction condition, the racemization of amino acids was occured. Together with 
the theoretical calculations, the mechanism of racemization of amino acids was 
also rationalized. 
In this dissertation, it was found that POCl3 could initiate the ring opening 
of THF to form the oligo-THF products. ESI-MS was utilized to traced the 
reaction and directly observed the transformation between stable intermediates 
and final products. According to the ESI-MS tracing mass spectra, its 
















In order to further investigate the reaction of THF with POCl3, the molar 
ratio of THF to POCl3 was changed. It was found that the degree of 
polymerization of THF was mainly dependent on the ratio of THF to POCl3. 
The larger the ratio of THF to POCl3, the higher the degree of polymerization of 
THF. 
In conclusion, the ESI-MS/MS is a powerful technique to investigate the 
reaction of amino acids with POCl3 in THF. On the contrary, it is almost 
impossible to use HPLC or 1H-NMR alone to study the peptide 4-chlorobutyl 
esters library formed from the reaction mixture, since the completely separation 
of all products was really tedious and time-consuming. Indeed, ESI-MS 
provides a quick, economic, and precise method not only to identify all 
intermediates and products of the complex reaction system but also to dynamic 
study reaction mechanism. 
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